Information and communications technology can continue to change our world. These advances will partially depend upon designs that synergistically combine software with specialized hardware. Today open-source software incubates rapid software-only innovation. The government can unleash software-hardware innovation with programs to develop open hardware components, tools, and design flows that simplify and reduce the cost of hardware design. Such programs will speed development for startup companies, established industry leaders, education, scientific research, and for government intelligence and defense platforms.
Past ICT gains have been facilitated by synergistic improvements in hardware, commonly called "Moore's Law." Moore's Law enabled ICT hardware performance and costperformance to double every two years to provide a foundation for the ICT wonders we all experience. Unfortunately, the technology trends fueling Moore's Law have run against critical physical constraints. Today, this foundation of ICT innovation is no longer rapidly improving, especially in energy-constrained environments from smartphones to data centers.
Another key ICT foundation has been the explosion of software innovations incubated by the open-source movement. Open-source software allows universities, established companies, and startups to begin with an improved software infrastructure-such as the LAMP stack (Linux, Apache, MySQL, & PHP) for providing services over the web. Open source software is especially important for start-up companies because it enables them to launch with much software in place and then rapidly add their "special sauce" to succeed (e.g., Facebook) or fail fast in months rather than requiring multiple rounds of investment. Open source software reduces risk and accelerates the impact of capital investment.
To overcome the reduced improvement in conventional hardware, many innovators are looking at designing hardware and software together rather than separately, as has been the norm the last several decades. Such cross-layer design can enable specialization that targets specific use cases with effective, energy-efficient designs that are especially important in emerging low-energy opportunities, such as medical monitoring using energy harvesting (e.g., from motion). In some cases, the line between software and hardware will continue to blur with software-configurable hardware fabrics like field-programmable gates arrays (FPGAs).
Without hardware-software co-design, software-only designs will be relegated to less effectiveness due a "specialization gap." For example, without specialization, it may be beyond our reach to do continuous mobile computer vision, real time virtual reality video for telepresence, and sequencing and analyzing the genomes of everyone one (or every living thing) on the planet. These barriers are there because current design--with largely separate software and hardware--is insufficient and technology improvement to hardware has slowed dramatically.
Unfortunately, hardware-software co-designers must currently eschew many of the benefits of open-source, because the hardware aspects of systems are decidedly propriety. For example, a hardware-software startup for a wearable Internet-of-Things system must spend considerable time and money licensing even the most basic hardware components and computer-aided design tools. As a result, bringing a hardware-software product to market requires as much as ten times the venture investment as compared to, e.g., a software-only phone application. The steep investment requirement severely limits the target markets for hardware-software innovation.
Wouldn't it be better if future hardware-software advances could be made with the rapidity that heretofore was limited to software only?
1. This will allow the private sector to experiment in providing value quickly, but sometime failing fast and inexpensively. 2. It will make viable investment in products with smaller natural markets, such as a medical devices for less common ailments or assistive devices for the hearing/sight impaired. 3. It will enable researchers-from science to medicine-to build better systems to monitor and act, e.g., just enough insulin. 4. It will facilitate education by enabling students at many levels to work with open tools and designs. 5. It can help the public sector by allowing design from a high baseline for applications in security, intelligence and defense that are rapidly changing and not mass market. Today, such systems are frequently plagued with serious schedule and cost overruns.
Without government action, Americans may miss the opportunity to benefit from innovative hardware-software devices due to barriers caused by lack of reusability of designs and poor ease of use of tools. 
